Background Prior investigations have suggested that physician-related factors may contribute to differential use of TKA among women and ethnic minorities. We sought to evaluate the effect of surgeon bias on recommendations for TKA.
male scenario, there were 33 (89%) concordant responses and four discordant responses, with no effect of patient race (p = 0.32). Of the 37 surgeons who viewed the white male plus white female scenario, there were 30 (77%) concordant responses and seven discordant responses, with no effect of patient sex (p = 0.71). Conclusion After orthopaedic surgeons viewed video scenarios of patients with end-stage knee osteoarthritis, patient race and sex were not associated with a different likelihood of a surgical recommendation. Our findings support the notion that patient race and sex may be less influential on decision making when there are strong clinical data to support a decision. Physician bias may have a greater effect on decision making in situations where the indications for surgery are less clear.
Introduction
Although the use of total joint arthroplasties is increasing [26, 28, 29] , there is a difference in use in women and ethnic minorities (black and Hispanic) compared with white men [4, 5, 8, 14, 20, 37] . These disparities may persist after adjusting for socioeconomic status, insurance coverage, and general health status [17, 24, 37] . In accordance with initiatives [6, 40] , increased attention has been focused on reducing disparity in the use of total joint arthroplasties among minority populations.
Numerous studies have investigated the patient-specific characteristics that may contribute to underuse of total joint arthroplasties, including decreased familiarity with the procedure, lower expectations for surgical outcomes, and overall uncertainty regarding surgical intervention among minorities [9, 16, 18, 21, 22 ]. An overall recommendation from these studies is that physician-related factors, such as practice tendencies and personal biases (conscious and unconscious), may contribute to disparities in arthritis care and need to be evaluated further [5, 35] . While Wright et al. [42] and Borkhoff et al. [4] evaluated the effect of patient sex on recommendations for total joint arthroplasy, the influence of patient race on decision making for total joint arthroplasties has not been experimentally evaluated. However, the existing body of experimental evidence suggests that physician bias regarding patient race influences treatment recommendations for acute coronary syndrome, peripheral vascular disease, and breast cancer [1, 12, 25, 36] . Without additional investigation to understand the potential influence of physician bias, the development of strategies to eliminate disparities is hindered.
In the current investigation, we therefore used an experimental approach to evaluate surgeon recommendations for TKA. We asked the following research questions:
(1) Are recommendations for TKA influenced by patient race? (2) Are recommendations for TKA influenced by patient sex? We hypothesized that black and female patients would be less likely to receive recommendations for surgery compared with white and male patients.
Materials and Methods

Study Design
Computerized Survey Instrument
A computerized survey instrument, consisting of two video case vignettes and a series of questions, was developed for evaluation of a patient with end-stage osteoarthritis of the knee. After viewing each patient scenario, the participants were anonymously asked whether they would recommend TKA for the patient. Four computerized scenarios were constructed for all combinations of race (white or black) and sex (male or female). Although different actors were used to portray each patient, the patients were identical in every other aspect, including age (68 years old), clothing style, and body habitus (Fig. 1) .
The clinical content of the vignette was developed in collaboration with our medical school's clinical skills center. The patient's initial presentation (referred by the primary care physician for evaluation of knee pain) and clinical history (details below) were incorporated in the script. Before filming, the script was reviewed by four arthroplasty surgeons from our institution to ensure its accuracy in portraying a patient who most likely would benefit from TKA. These surgeons had no additional involvement in the study. The dialogue and nonverbal expressions were scripted to be highly similar for each patient portrayed, and the interviews were recorded in one studio using the same camera position. The director of the clinical skills center trained the actors and worked with the audiovisual staff to ensure consistency and quality of the video vignettes.
Subjects were shown a brief synopsis of the patient's medical history (nonsmoker, hypertension or dyslipidemia controlled by a single medication, no surgical history) before the video interview. To minimize the potential influence of socioeconomic status on treatment recommendations, the recorded interview also was preceded by text describing the patient's occupation (retired office manager), education (college graduate), and insurance status (Medicare with supplemental Blue Cross/Blue Shield coverage). The relevant orthopaedic history (constant pain during the past 2 years that is worsened with walking short distances; difficulty with negotiating stairs; failure of oral antiinflammatory medication and two prior corticosteroid intraarticular injections) was conveyed by the actor through an interview with an off-screen physician. These history elements were altered slightly for the experimental case scenarios to avoid overt repetition. The video vignette was followed by a text slide describing the patient's physical examination findings (ROM 5°-90°with palpable crepitus, no coronal plane malalignment, intact vascular and neurologic examinations distally). We intentionally chose a straightforward clinical scenario indicating clear appropriateness of TKA to isolate the effect of surgeon bias rather than potentially cloud the interpretation with variations in individual surgeon indications.
After viewing the case presentation, the participating surgeons completed a brief electronic survey modeled after the investigation by Schulman et al. [36] in which subjects were first asked ''Assuming that you are comfortable with the procedure and its postoperative care, would you recommend a total knee replacement for this patient?'' The response options were ''definitely not recommend'', ''probably not recommend'', ''probably recommend'', and ''definitely recommend''.
The subjects also were asked to provide their age, sex, ethnicity (Caucasian, African American, Hispanic or Latino, Asian, or Other), number of years in practice, board-certification status, type of practice, any fellowship training in arthroplasty, and estimated number of THAs or TKAs performed annually. These questions were asked anonymously and in a method consistent with the American Academy of Orthopaedic Surgeons' Orthopaedic Practice in the United States survey [2] . The computerized survey instrument was pilot tested with nine orthopaedic surgery residents at our institution before being administered to research subjects.
Eligibility Criteria
Orthopaedic surgeons in full-time clinical practice who attended the 2012 New York State Society of Orthopaedic Surgeons (NYSSOS) Annual Meeting and the 2012 American Association of Hip and Knee Surgeons (AAHKS) Annual Meeting were recruited to participate in the study. Potential subjects were excluded if they were in part-time or nonsurgical orthopaedic practice or were currently enrolled in a residency or fellowship training program. Those who attended the meeting were invited by researchers, between conference sessions, to participate in a study on clinical decision making, with the incentive of a $25 gift card to a national coffee store. The $25 amount is based on the wage-payment model in which the participants will be compensated for their time at a rate appropriate for a professional worker.
Recruitment and Randomization
The computerized survey instruments were located on four password-protected computers in the Main Exhibit Hall of the conferences. Eligible meeting attendees were asked to participate by a nonphysician member of the research team with the following dialogue:
''Good morning/afternoon. We are conducting a research study on clinical decision making among orthopaedic surgeons. We are offering a $25 Starbucks Coffee gift certificate in exchange for your completion of a survey after watching two short video clips. The study takes less than 10 minutes to complete. Would you like to participate?'' Conference attendees who chose to participate were led to an audiovisual computer booth. Participants were given the opportunity to ask questions of the nonphysician research staff member throughout the survey process. The computer-based survey was completely anonymous. After completion of the survey, the participant received the $25 gift card. None of the physician participants was informed that they would be participating in a study on the effect of race and sex on treatment recommendations to minimize response bias. We did not attempt to ascertain whether the participants were able to deduce the purpose of the study.
Surgeons passing an open recruitment table at each meeting were asked to participate. Of the 1111 surgeons in attendance at either meeting, 113 (10.2%) participated in the study. Not all surgeons were approached for participation so it is unknown how many were aware of the study, but decided not to participate.
All study participants viewed the control case of a white male patient and were randomized to view one of the other three experimental scenarios (white female, black male, black female) using block randomization to maintain a balanced number of participants assigned to each scenario. The white male scenario was used as an internal control given that surgeon decision making is widely variable [39] . A block size of three was used, with 24 possible permutations of the scenario sequences created by a computerized randomization generator. The on-site research manager selected one of these arrangements from a randomization scheme list.
The study protocol was reviewed by our institutional review board and was deemed exempt from further review. The research committee of the American Association of Hip and Knee Surgeons and the leadership of the New York State Society of Orthopaedic Surgeons provided advance permission for survey administration during their annual meetings. Neither organization had any additional involvement in subject recruitment, study enrollment, data analysis, or interpretation of the study results.
Participant Demographics
The survey was completed by 113 respondents (22 at NYSSOS; 91 at AAHKS). The majority of the respondents were male (107/113; 95%), board certified (107/113; 95%), and in practice more than 10 years (79/113; 72%) ( Table 1) . The most common self-reported ethnicity was Caucasian (96/113; 83%), Hispanic/Latino or Asian (4/113; 4%), African American (3/113; 3%), other (9/113; 8%), or no response (1/113). More than 1 .
2 of the respondents were fellowship trained in arthroplasty (67/113; 59%). Nearly 1/3 (37/113; 33%) were in academic practice, while 63% (71/113) were either in private or multispecialty practice. Nearly 1 . 4 (23%; 26/113) of the respondents reported performing more than 200 THAs or TKAs per year, while 41% (46/113) of respondents reported performing less than 100 per year.
Statistical Analysis
Each subject's responses for the experimental case (white female, black male, or black female) were paired with their responses for the control case (white male). The effect of race and sex on the primary outcome (willingness to recommend TKA) was analyzed using McNemar's test for matched pairs. The ''probably'' and ''definitely'' responses were combined to create a single dichotomous outcome (recommend or not recommend). Potential associations between physician characteristics (years in practice or annual volume) and perceived patient behaviors were evaluated using Spearman's correlation analysis.
An a priori power analysis showed that 112 participants were needed to detect a 15% difference in the likelihood of recommending surgery for white versus nonwhite patients in the test scenarios evaluated with 90% power at a level of significance of 0.05.
Results
Association of Race with Recommendation for TKA
With the numbers available, there was no association between the race of the patient in the test scenario and the surgeon making a recommendation in favor of surgery (p = 0.99 in the black female and white male case pairing; p = 0.32 in the black male and white male case pairing). Of the 39 respondents who viewed the black female and white male case pairing, 15% (six of 39) of the responses were discordant (surgery recommended for one patient, but not the other) ( Table 2 ). Of the 37 respondents who viewed the black male and white male case pairing, 11% (four of 47) of the responses were discordant ( Table 2) .
Association of Sex with Recommendation for TKA
With the numbers available, there was no association between the sex of the patient in the test scenario and the surgeon making a recommendation in favor of surgery (p = 0.71). Of the 37 respondents who viewed the white female and white male case pairing, 24 (65%) recommended TKA for both and six (16%) did not recommend TKA for either. Four (11%) respondents recommended TKA for the white male, but not the white female. Three (8%) respondents did not recommend TKA for the white male, but recommended TKA for the white female. The effect of sex in this case was not statistically significant ( Table 2 ).
Discussion
A total joint arthroplasty is a widely used intervention for advanced arthritis, but there is substantial concern that certain minority groups and women are less likely to receive a recommendation for surgery, even when clinically indicated [4, 5, 8, 14, 20, 37] . Previous studies have suggested that physician-related factors may contribute to differential use of total joint arthroplasties among women and ethnic minorities [5, 35] . We therefore sought to determine whether race and sex influenced surgeon recommendations for TKA in a simulated clinical setting. When presented with ''prosurgery'' clinical video scenarios of patients with longstanding pain and functional limitation from severe knee arthritis which had failed the standard course of nonoperative interventions, orthopaedic surgeons were not influenced by patient race or sex in their recommendations for TKA. There are potential limitations to our study. Previous qualitative research has shown the importance of communication between patient and surgeon in the decisionmaking process for total joint arthroplasties [15] . Our videos may not have adequately captured the complexities and depths of the patient that inform the patient-physician interaction. Psychosocial factors such as fear, religious beliefs, and social network experiences provide a significant influence in the decision making of African-American and Hispanic patients referred for hip or knee arthroplasty and may play a role as patient factors responsible for underuse of joint replacement in minority populations [27, 31] . Our study does not consider the influence of these patient factors. There also was no opportunity for the respondent to further assess characteristics that may influence decisions to recommend TKA, such as health literacy [23] , ability to participate in care [10] , social support [41] , and resource availability attributable to geographic constraints [37] . The informed and health-literate appearance of the patients in the videos may have directed respondents toward recommending TKA, as presentation style and perception of willingness to undergo surgery are critically influential factors that affect recommendations for total joint arthroplasties [18] . However, case vignettes can provide valid information regarding actual physician behavior [32] and have been used in a similar investigation [36] . Using vignettes permitted us to experimentally evaluate the influence of patient race and sex on decision-making among a large group of surgeons. Furthermore, we anecdotally noted that many respondents indicated that they would have preferred to have more information about the patients. This finding suggests that other factors contribute to surgeon decision-making, but were not captured by our vignettes. One example of this type of information is the absence of a plain radiograph in the survey presentation. We deliberately chose not to include a radiograph in the vignette to minimize any undue influence of imaging in cases already indicated for TKA on a clinical basis. Additionally, the respondent sample includes only surgeons who attended the selected meetings and agreed to participate in the survey. This limits the generalizability of these findings outside these groups.
Surgeons attending subspecialty meetings such as the AAHKS may have different thresholds for which to offer a TKA compared with a general orthopaedic surgeon, such as those attending the NYSSOS meeting. Further, the vignettes we chose may have been overly clear from a clinical perspective as to eliminate the ability to measure implicit bias.
The vignettes were deliberately created as ''prosurgery'', with the intent to steer the respondent toward recommending TKA. Vignettes in which the surgical indication was less clear may have yielded different results. Additionally, social desirability bias and response bias may have influenced the answers provided by the participants [11] . Subjects may have been familiar with the increasing attention directed toward elimination of healthcare disparities, which may have affected their responses. Furthermore, while we performed an a priori power analysis to determine the number of subjects needed to detect a 15% difference in recommendations for TKA, it is possible that smaller differences in recommendations may have gone undetected (Type II error). Finally, it is possible that patient race and sex may have differentially influenced decision making for each respondent. Using our current method of comparing with a baseline scenario for a white male, we are unable to evaluate the independent influence of race or sex, but are able to evaluate them together as a single characteristic (as was analyzed in the black female versus white male scenario). Despite these limitations, we believe our study contributes to the ongoing investigation of the circumstances surrounding disparities in the use of total joint arthroplasties. Our findings regarding sex can be viewed in the context of the study from Borkhoff et al. [4] . In their investigation, standardized patients with moderate knee arthritis visited 33 orthopaedic surgeons in practice in Toronto, Canada. Orthopaedic surgeons were more likely to recommend TKA to a male patient rather than a female patient, which did not occur in our experiment. While the methods used by Borkhoff et al. are more likely to solicit behavior that replicates clinical practice, our investigation was able to draw from a larger sample of surgeons from various practice types. Additional investigation is needed to explore the influence of patient sex on recommendations for total joint arthroplasties because of the differences in practice environments and insurance coverage between the United States and Canada.
Although no prior experimental studies have evaluated the effect of patient race on surgeon recommendations for total joint arthroplasties, our findings support the notion that patient race and sex may be less influential on decision making when strong clinical data exist to support a decision. The robust clinical rationale presented in the video vignettes may have driven the respondents toward recommending TKA [30] . In several independent observational studies, clinical appropriateness, not patient race, was predictive of referral to an orthopaedic surgeon for possible total joint arthroplasty or for surgeon recommendation of total joint arthroplasty [3, 18, 38] . Our cases intentionally depicted patients who would benefit from TKA, as all had nonoperative treatment that failed and had symptoms preventing a desired level of function. The appropriateness of these patients for surgery is supported by the literature [7] and was confirmed with an a priori internal review of the vignettes by arthroplasty surgeons not involved in the investigation. Our findings corroborate vignette-based studies for bariatric surgery [34] and high-risk obstetric referral [33] that showed no effect of race on decision making when strongly supportive clinical data are present. However, this does not exclude physician bias from being a potential contributor to the existing disparities in the use of TKAs, particularly given its influence on treatment recommendations for other conditions [12, 25, 36] . The effect of unconscious bias on decision making may be stronger in cases where clinical decisions are not firmly supported, the so-called ''gray area'' [33, 35] . Considering that a study arm of standardized patients with severe knee arthritis was aborted in the study by Borkhoff et al. owing to futility, their patients with moderate knee arthritis may have been in the gray area and therefore better positioned to solicit the effect of physician bias [4] . The factors that drive decision making in the gray area deserve future investigation given that efforts to reduce disparities in use of total joint arthroplasties are not succeeding [23, 24] . However, our findings indicate that physician bias does not influence arthroplasty recommendations in vignettes with clear support for surgical intervention. This is particularly salient as use of total joint arthroplasties is projected to increase dramatically [26] and the integration of appropriate use criteria is being encouraged [13, 19] .
Continued investigation into the biases and practices of orthopaedic surgeons will contribute to greater understanding of disparities in the use of total joint arthroplasties. With the numbers available, we did not detect a difference in recommendations by surgeons for TKA in a clearly indicated scenario based on patient race and sex. With this in mind, future studies should explore the influence of physician bias on decision making in situations when indications for surgical treatment are less clear.
